For decades the bioactivity of materials has been tested in laboratories by means of in vitro tests under standard ISO 23317 in a TRIS-buffered simulated body fluid solution (SBF). The TRIS buffer, as we found, reacts with the tested material and affect test results due to its ability to support the dissolution of crystalline phases of the tested glass-ceramic scaffold and the crystallization of HAp. Several laboratories had tested bioactivity of the materials in commercially available solution DMEM (Dulbecco´s Modified Eagle´s Medium) that is normally used for cultivation of cell cultures. The objective of this work was to find out whether it is possible to replace TRIS-buffered SBF currently used for bioactivity tests with the non-buffered DMEM solution. To understand the role of the organic part of the DMEM 
Introduction
The first tests usually performed on materials intended for substitution of hard tissues are bioactivity tests, i.e. tests monitoring the formation of a layer of biologically active hydroxyl carbonate apatite formed on the biomaterial surface. 1 Several preconditions need to be met for biomineralization (oseointegration) of the tested materials. The material must be dissolvable in blood serum (it must release Ca 2+ ions or potentially also (PO 4 ) form a soluble complex which had been described elsewhere 8, 9 and which may distort the results of in vitro tests.
Other authors 3 have reported on preparation of SBF solutions whose concentrations of HCO 3 -are near to that in human blood serum (27 mmol.dm -3 ) and, apart from approaching to the real biological environment, they also anticipate an increased buffering ability of the inorganic part of SBF alone. However, all revised or modified SBF solutions still contain TRIS buffer (Revised (r-SBF), corrected SBF (c-SBF) and newly improved (n-SBF)). The authors of ref.
10,11 used modified SBF27 solution (concentration of HCO 3 -was 27 mmol.dm -3 ) and demonstrated formation of carbonate hydroxyapatite (CHAp). In another investigation 12 collagen spongious Ap-CaP whiskers and CaSO 4 doped with calcium hydrophosphate (CaHPO 4 monetite) were exposed to solution of Tris-SBF-27 mmol.dm -3 . All mentioned materials induced formation of nanoporous apatite in the solution, with the exception of CaSO 4 alone, which crumbled in the solution into powder.
In a relevant investigation involving bioactive glasses Cannillo et al. 13 exposed two types of glasses (BG45 and MG45) not only to SBF but also to commercial solutions HBSS+ and HBSS-designed for growing of tissue cultures. HBSS solutions were not buffered with TRIS but they differed in the contents of Ca and Mg ions. SBF solution was the most reactive one and it induced formation of apatite on the surface of BG45 glass in a shorter time than the other solutions. The microstructure of the crystallized apatite on the BG45 glass was identical both in HBSS+ and in SBF. However, the reactivity (in the sense of apatite formation) was higher in SBF and this was explained by the authors by the presence a higher concentration of Evidently, the type of used solution, buffering system and the arrangement of the test (e.g.
S/V) and temperature is very important for the interpretation of obtained results.
The purpose of this research was to study the suitability of non-buffered DMEM solution for bioactivity testing, considering its reduced concentration of Ca 2+ and high concentration of HCO 3 -ions, the fact that it contains organic components of blood serum and, unlike SBF; it is not buffered with TRIS.
Materials and methods

Materials
The material used for testing was silicate glass-ceramic in the form of a highly porous structure (scaffold) prepared by the foam replica technology 20 . The initial material for preparation of a glass suspension was 45S5 Bioglass ® powder with mean particle size < 5µm.
For scaffold preparation polyurethane (PUR) foam was immersed into the prepared suspension, it was taken out 15 minutes later and excessive suspension was squeezed out. The created porous precursors, the so-called green bodies, were left to dry for 12 hours at room temperature and were then subjected to a thermal treatment consisted of firing at 400°C/1 hour, to burn-out the PUR template and further sintering at 1100°C for 5 hours Table 1 .
Solutions for in vitro test
Modified . Isolution was not buffered and the pH value was not adjusted. The reason for the FBS and vitamins addition was to enrich the organic part of the DMEM.
Antibiotics protect prepared solution against degradation during the test. Table 2 presents the ion composition of I-solution and the inorganic part of mod-DMEM in comparison with blood plasma (BP), as published in the literature 22 , Ca/P molar ratio is presented.
Static-dynamic conditions of in vitro test
To prevent the effect of exhaustion of ions from the solutions, the so-called staticdynamic test was carried out in which, although the testing solutions did now flow continually around the sample as in dynamic tests, the solution was replaced on daily basis (50 ml.day -1 ),
i.e. every 24 hours. Scaffolds used for the static-dynamic arrangement of the in vitro test had average weight in the range 0.045 -0.055 g, they were placed in platinum spirals and suspended in 50 ml plastic bottles filled with I-solution or mod-DMEM. The bottles with the samples were placed into a thermostat maintaining the temperature at 36.5 ± 0.5 °C. The interaction time was 15 days and two samples were collected in selected time intervals (after 1, 3, 7, 11 and 15 days), rinsed with demineralized water and left to dry at laboratory temperature. In order to maintain sterile environment the replacement of the mod-DMEM solution was performed in a "flow box".
Analysis of the materials
Scanning electron microscopy / energy-dispersive spectroscopy (SEM/EDS)
The surface of tested materials before and after the immersion tests were inspected with an Hitachi S-4700 scanning electron microscope (SEM) equipped with EDS analyzer (NORAN D-6823) working at an accelerating voltage of 15 kV. The samples were powder coated with an Au-Pd layer during 80-100 s for SEM observations.
X-ray powder diffraction analysis
Samples were ground in an agate mortar in a suspension with cyclohexane. The suspension was then placed on a mylar film to a transmission sample holder. After solvent
SEM/EDS characterization of scaffolds before and after interaction with mod-DMEM
Changes on the surface of the scaffolds after 3, 7, 11, 15 days of interaction with mod-DMEM can be seen in SEM images (Fig. 3b-e) and EDS analyses (indicative measurement)
are provided in Table 4 . The original morphology of the scaffold surface is shown in Fig. 3a . Figure 3a shows the surface of the original scaffold with the small tabular crystals of combeite and needle like crystals, likely corresponding to buchwaldite as well as the structural isomorphic phase CaO.SiO 2 . The SEM/EDS analysis confirmed that as early as after three days (3D) the scaffold surface was covered with ACP (Amorphous Calcium Phosphate) (growing content of Ca and P) and NaCl (Table 3 , Fig.3b , white crystal, 1µm in size), which is in agreement with the XRD analysis (Fig. 2) . A phase with a high content of Ca developed after one week (7D) (by XRD diffraction detected as CaCO 3 ) and it can be seen in images from SEM/EDS as white 1µm globules (Fig. 3c) . After 11 days (11D) the phase with a high Ca content started prevailing and quantities of Na and Cl on the scaffold surface gradually decreased. The content of P remained unchanged after the third day of interaction.
At the end of the test (15D) the scaffold surface was mostly covered with a phase with a high content of Ca (according to XRD -CaCO 3 , Fig. 2 ) with a cauliflower-like structure (Fig. 3 e, f) and also ACP was detected on scaffold surfaces . Results of SEM/EDS measurements were therefore in good agreement with the XRD analysis.
Interaction of scaffolds with I-solution
Leachate analysis of I-solution during interaction with scaffold
Analyses of the I-solution leachates showed that the scaffold significantly dissolved immediately after the exposure to the medium, which was well-documented by the presence was amorphous ACP, and even by conducting XRD analysis we were not able to prove the presence CaCO 3 after the scaffold exposure to SBF without TRIS. The quantity of CaCO 3 was very low and the most intense lines for CaCO 3 overlapped with diffraction lines of the main crystalline phase of the as fabricated scaffold; i.e. combeite. However, we have to take into account, that solution SBF without TRIS from our previous experiment had the concentration of HCO 3 -ions more than 10-times lower opposite to I-solution or mod-DMEM used here.
Based on the findings described above it is possible to expand our knowledge on the in vitro behavior of these particular Bioglass ® -derived scaffolds. In this study we found that the amorphous phase containing Ca and P (ACP) precipitated in both tested solutions on the scaffold surface, as it was anticipated on the grounds of consumed Ca and P in the non- shown also in our recent study 25 , crystallization of CaCO 3 on the glass-ceramic surface in non-buffered DMEM derived solution with concentration of HCO 3 -ions near to those of human plasma (27mM.dm -3 ) will prevail. Moreover, ACP was also found in 27-SBF solution (without buffer TRIS). 25 We have not found evidence that the organic part of non-buffered mod-DMEM suppresses crystallization of phases, as calcite crystallized on the scaffold surface in both solutions.
Another phase, halite, crystallized at the beginning of the immersion in mod-DMEM thanks to higher concentrations of Na + and Cl -ions (not only in comparison with I-solution but also with blood serum) and thanks the presence of Na + ions released from the tested glassceramics scaffold. Has to be noticed, that halite is not the residue of mod-DMEM or I- 
